To analyze empirically the impact of unexpected changes in the basic interest rate (SELIC rate) on the Brazilian stock market between January 2003 and May 2012, we constructed a surprise measure based on the market consensus. Our sample of events is composed of 88 meetings of the Brazilian Central Bank's Monetary Policy Committee (COPOM). There were unexpected changes in the interest rate at 32 of these meetings. The results show that for each 1% unexpected increase in the SELIC rate, the stock market index (IBOVESPA) decreased 3.28%.
INTRODUCTION
ne of the main instruments used by central banks throughout the world to control inflation is adjustment of the basic interest rate. In Brazil, the benchmark rate is called the SELIC rate. The Brazilian Central Bank created the Monetary Policy Committee (COPOM) in 1996 to increase the level of transparency of its decisions regarding the SELIC rate. i
The decisions of the COPOM are reached at meetings held on dates announced in advance. At these meetings, the authorities discuss the current economic situation and the future perspectives of the macroeconomic aggregates, especially the inflation index used as the target. The decisions are announced at the end of each meeting, accompanied by a brief commentary. The more detailed reasons for maintaining or changing the target for the SELIC rate are stated in minutes published in week after the meeting.
Our objective here is to analyze how unanticipated changes in the basic SELIC rate affect the Brazilian stock market, measured by the returns of an aggregate index, the
IBOVESPA. iiiii
To estimate these responses, it is essential to correctly define the unanticipated monetary policy changes or shocks. There are various ways to do this. Here we create a surprise metric based on the consensus just before every COPOM meeting, as published from January 2003 to May 2012 in the newspaper Valor Econômico. A similar approach has been used, for example, by Poole, Rasche & Thornton (2002) , who employed the consensus published in the Wall Street Journal.
The main result of our study is that an unexpected positive variation of 1% in the SELIC rate caused a negative variation of 3.28% in the IBOVESPA. This result is greater than that obtained by Gonçalves Junior (2007) in a similar study of the Brazilian stock marked (a decline of 1.30% in the stock index for each 1% variation of the SELIC rate). iv To check the robustness of our results, we performed some other empirical analyses.
First we verified the response of a broader market index, the IBRA, on the dates of our events. v In this case, we found that an unexpected positive variation of 1% in the SELIC rate caused a negative variation of 1.28% in the IBRA.
We also studied the responses of the returns of 38 stocks in relation to variations in the SELIC rate on the COPOM meeting dates that are part of our sample. The majority of individual stocks behaved the same as the aggregate market indexes. Of the 38 assets O BBR, Braz. Bus. Rev. (Engl. ed., Online) , Vitória, v. 10, n. 3, Art. 3, p. 53 -81, jul. -sep. 2013 www.bbronline.com.br analyzed, 22 presented significant negative correlations with the unanticipated monetary policy shocks.
Stock prices respond to revisions of the expectations about future monetary policy. This policy, in turn, is affected by news about changes in macroeconomic conditions. Our focus on unexpected monetary policy actions avoids difficult questions of endogeneity and simultaneity, and thus more clearly reflects the stock market's reaction to monetary policy decisions.
In some points this article is aligned with that of Bernanke & Kuttner (2004) . They used future short-term interest rates to construct a measure of surprise from the announcement of the Federal Reserve's Open Market Committee (FOMC) on the basic interest rate in the United States. vi They found that an unexpected increase of 1% in the fed funds rate was related to a decline of 1% in the aggregate U.S. stock market index. Besides this, they adapted the works of Campbell (1991) and Campbell & Ammer (1993) to study through what channels unexpected monetary policy shocks affect stock returns.
The basic objectives of monetary policy are expressed in terms of macroeconomic variables, such as production and inflation. However, the effect of monetary policy on these variables is indirect. The more direct effects of monetary policy actions are felt in the financial markets. By affecting stock prices, monetary policy influences the behavior of economic agents. Therefore, this article, by seeking to better understand the relations between unexpected monetary policy decisions and stock prices, also sheds light on the transmission mechanisms of monetary policy in Brazil. This can be useful both to the Brazilian Central Bank, which can increase the efficacy of its monetary policies, as well as to private agents in their economic choices.
The rest of the article is organized as follows. The second section contains a brief literature review; the third presents our empirical methodology; the fourth describes the data;
the fifth presents the results; and the sixth section presents our concluding remarks.
LITERATURE REVIEW
Although many articles have been published on the impacts of monetary policy on various aspects of the economy and market, operating through various channels, few have tried to explain the reactions of the stock market to monetary policy. As observed by Bernanke & Kuttner (2004) , understanding this mechanism is very important for economic policymakers, because although the basic objective of monetary policy is to maintain the In this context, Roley & Sellon (1995) concluded that the impacts of monetary policy on long-term interest rates were stronger than previously assumed. The previous studies had focused on a single event (the day the new interest rate is announced), while the long-term impacts are anticipated by the market and affect the rates if perceived as persistent changes.
The method developed by Campbell (1991) and Campbell & Ammer (1993) , who used vector autoregression (VAR) to calculate revisions in the expectations about bond and stock returns as well as inflation and short-term interest rates, has subsequently been applied in various studies on the theme. This method allows decomposing the various effects acting on the price of a determined asset. Kuttner (2001) sought to estimate the effects of changes in the Fed's policy on the yields of bills, notes and bonds by formulating a tool to measure the surprise in interest rate changes by the Federal Reserve, using the future fed funds rate. Bernanke & Kuttner (2004) used the tools developed by Kuttner (2001) , Campbell (1991) and Campbell & Ammer (1993) to shed light on why unanticipated changes in monetary policy affect the stock market. Their article is an event study applying VAR to decompose the principal components of this impact among effects on the real interest rates, dividends and excess equity returns. Surprisingly, the authors found that the reaction of equity prices to monetary policy is for the most part not directly attributable to the monetary policy effects on the real interest rate. They discovered significance for both events with the use of a methodology with narrower time windows and isolation of the two factors. Curiously, the authors found greater relevance for the information disclosed by the Fed than the announcement of the interest rate target itself.
For the Brazilian market, initial mention should go to the paper by Tabak & Tabata (2004) . The authors found evidence that the yield curve in Brazil responds to monetary policy actions. In a subsequent study, they decomposed the basic interest rate into anticipated and unanticipated components (TABATA; TABAK, 2004), using various tests in an event study covering the period from 2000 to 2003. This time they confirmed the degree of anticipation previously noted, but also found significant responses of the yield curve to the unanticipated component. Barbosa (2008) investigated the impact of the same decisions on the yield curve and concluded this impact exists for the period from January 2004 to September 2008. As will be seen, the period for analysis, in terms of Brazilian reality, can substantially modify the conclusions of a study.
Oliveira & Ramos (2011) identified unexpected interest rate shocks by means of future interbank deposit (Depósito Interfinanceiro -DI) contracts. Based on this identification, they studied the relationship between these shocks and the interest rate term structure. The authors found empirical evidence suggesting that the market anticipates, at least partially, the interest rate decisions of the Brazilian Central Bank, and also showed that unanticipated monetary policy shocks are in general able to affect the yield curve. an event study with a sample similar to that used by Bernanke & Kuttner (2004) , which we also use here, and found that for each 1% unanticipated increase in the SELIC rate, the IBOVESPA declined 1.3%. This is a similar impact to that found by Bernanke & Kuttner (2004) . Intuitively, the impact in Brazil should be greater, because it is an emerging market with much higher capital costs than those in mature markets like the United States. (1) and (2) below:
(1)
Where: is the unexpected component of the change; is the SELIC target announced by the COPOM and is the expected SELIC target according to Valor Econômico on the day before the COPOM meeting.
By definition, is a positive surprise and is a negative surprise.
(
Where: is the expected component of the change; is the expected SELIC target according to Valor Econômico on the day before the COPOM meeting; and is the current SELIC rate on the day before the announcement by the COPOM.
By definition, the total variation is the sum of the expected and unexpected portions. The null hypothesis is that β is equal to zero, i.e., that the total variations in the SELIC rate do not have an impact on the IBOVESPA.
Where:
Daily return of the stocks composing the IBOVESPA; One of the limitations of this paper, as in that by Bernanke & Kuttner (2004) , is the attempt to explain the variation of the aggregate stock market index only by means of total, expected and unexpected changes in the basic interest rate, the SELIC.
There is an extensive literature that models the aggregate return of stock market indexes differently than we do here. To cite come articles, we can mention: Boyd, Jagannathan; Hu, proposed a new estimator based on the heteroskedasticity in the high-frequency stock price data.
ORTHOGONALITY
As described by Bernanke & Kuttner (2004) , the orthogonality between the errors and the regressors of equations (3) and (4) (2002), event studies tend to underestimate the results, we decided to maintain the approach of estimating equations (3) and (4) by OLS, as described previously. xi
ASYMMETRY
Another relevant question is asymmetry. This would occur in the case of a much stronger and more relevant response to one type of monetary policy surprise than to another type. Therefore, an asymmetric response occurs when the direction of the information (positive or negative) influences the impact of the response.
An example would be if the market responds more strongly to surprise declines in the interest rate than to unanticipated increases (a generally more optimistic than pessimistic market). To test this hypothesis, we inserted a dummy (binary) variable equal to 1 for a positive surprise and another dummy variable equal to 1 for a negative surprise.
A positive surprise for the stock market occurs when the rate defined by the Central Bank is lower than expected by the market. For example, a cut in the SELIC rate greater than expected or an increase lower than expected is defined as a positive surprise. Applying the same logic, a negative surprise occurs when the increase in the rate is greater than anticipated or the cut is less than expected.
In both cases, the result should be statistically insignificant for the tests, since the stock market should react with the same intensity in both senses. Later we estimate the model described in equation (5) (1) of the text, while the expected change is defined in equation (2). The total is the sum of the expected and unexpected change.
Besides the IBOVESPA, we also analyzed the robustness of the responses by examining another aggregate index, the IBRA. Panels A and B of Table 2 below present the descriptive statistics and correlation matrix between these two stock market indexes and the total, expected and unexpected changes in the SELIC rate.
As can be seen, the mean variation in the IBOVESPA is 0.33 (standard deviation of 
RESULTS

RESPONSES OF THE STOCK MARKET
We estimated equations (3) and (4) (1987), obtaining the results presented in Table 4 below.
The sample period goes from January 2003 to May 2012, during which there were 88 COPOM meetings. The consensus was obtained from Valor Econômico on the day before the meeting. The surprise is defined as in equation (1) while the expected change is defined as in equation (2). The total change is the sum of the expected and unexpected changes. The first column presents the results of the estimation of equation (3) while the second column presents the estimations of equation (4). The values are corrected for heteroskedasticity by the Newey & West test (1987) .
TABLE 4 -IBOVESPA AND CHANGES IN THE SELIC RATE
As can be seen from the results in Table 4 , the estimated coefficients of equation (3) are not statistically significant. But when the surprise element of equation (4) 
ASYMMETRY
As mentioned earlier, asymmetry means that the response of the stock market to a monetary policy surprise in one direction is much stronger than that to a surprise in the opposite direction.
To test for this asymmetry, we included two dummy variables, one for positive surprises and the other for negative ones. If asymmetry exists, theoretically one of these dummies should be statistically significant, indicating that the market does not react with equal intensity to the two types of surprises. We should note that during the event window analyzed, there were far more negative than positive surprises, but still the negative dummy was not statistically significant. It can be argued that the market is apparently more optimistic than pessimistic in relation to the positions of the COPOM, but this does not impact the way the market reacts to the changes.
This sample here goes from January 2003 to December 2009, during which there were 69 COPOM meetings. As in other cases, the consensus comes from Valor Econômico on the day before the meeting. The surprise is defined as in equation (1) while the expected change is defined as in equation (2) and the total change is the sum of the expected and unexpected changes. The first column presents the results of estimating equation (5) As expected, we can conclude from our event sample that the market responds independently of the direction of the surprise. Once again, the greater presence of negative than positive impacts should be noted along with the size of the sample itself. Therefore, although the response is reasonably similar in both directions, the consensus in the sample period was generally more optimistic.
ANALYSIS OF ROBUSTNESS
To analyze the robustness of our previous results, here we carry out two steps. In the first we replace the IBOVESPA with another market index, the IBRA, to check whether the sign and magnitude of the effects are the same as for the IBOVESPA. In the second step, we individually analyze the reaction of 32 stocks belonging to the IBOVESPA to unanticipated monetary policy shocks.
The other stock market index: IBRA
The IBRA is a broader index than the IBOVESPA. It started on December 29, 2005
(first quotation in 2006). Its portfolio includes all stocks that meet the following criteria, based on the preceding 12 months: inclusion in a group of stocks whose combined trading indexes represent 99% of the accumulated value of the individual indexes, and trading session participation greater than or equal to 95% in the period. The index contains all the stocks of the IBOVESPA and 74 others. We performed three analyses with the IBRA. In the first we carried out a regression with equation (3), replacing the IBOVESPA with the IBRA. Once again we corrected for serial autocorrelation and heteroskedasticity with the Newey & West test (1987) . The results are reported in Panel A of Table 6 . As can be seen, the response of the IBRA is a decline of 1.20% for an unexpected rise of 1% in the SELIC rate.
For a second analysis of the IBRA, we created a system of two linear equations where the regressors were the same is in equation (3), and the dependent variables were respectively the IBOVESPA and IBRA. To estimate the system, we used seemeling unrelated regression (SUR). Additionally, we tested whether the marginal effect of unexpected shocks on the IBOVESPA is greater than the effect on the IBRA. Panel B of Table 6 presents the results. As can be seen, the coefficient of unexpected shocks of the equation for the IBOVESPA is negative (-2.40%) and significant (p-value of 0.00) while the same variable in the equation for the IBRA is not statistically significant (p-value of 0.34), although the sign is again negative (-1.20) as expected. Regarding the test to verify the relation between the coefficients of the unexpected shocks in the two equations, the coefficient of the IBOVESPA is statistically higher in absolute value, with p-value of 0.0015.
The third analysis entailed testing if the asymmetry of the response to the positive or negative shocks is relevant to this aggregate index. As before, we inserted the two dummy variables for positive and negative surprises. If asymmetry exists, one of them should be statistically significant.
As shown in Panel C of 
INDIVIDUAL STOCKS
To measure the impact on individual stocks, we used the same equations as explained in item 3.2, except we measured the returns of each stock on the event date xiv . For this case, we tested 38 of the 65 stocks making up the IBOVESPA that have data since January 1, 2003.
Since the period saw a large number of IPOs, many stocks only were included in the IBOVESPA later in the period.
Some assets should respond more strongly than others, due to the greater influence of questions such as the dividend policy and future prospects of each firm than to the type of firm (e.g., banks) or the liquidity of the stock. An important fact to note is the behavior during the subprime crisis. The Brazilian stock market in the 2007-2008 period fell 15%, and some stocks responded more strongly to this impact. Companies with major presence in the export market or sale of commodities suffered more (e.g., the airplane maker Embraer fell 57%, the mining company Vale fell 19% and steelmaker Usiminas declined 19%). These stocks were not as strongly affected by positive surprises in the internal market as were retail chains, for example.
Despite these variations, the majority of the individual stocks showed the same behavior as the aggregate indexes. Of the 38 stocks analyzed, 22 presented positive and significant (at 5%) coefficients for the SELIC surprise regressor. The results for the individual stocks are presented in Table 7 below. Panel A of Table 7 shows the estimated coefficients and their statistical significance for each asset, while Panel B contains a brief summary of the estimations.
This sample here goes from January 2003 to December 2009, during which there were 69 COPOM meetings. The consensus comes from Valor Econômico on the day before the meeting. The surprise is defined as in equation (1) while the expected change is defined as in equation (2) Taken as a whole, the results presented above confirm the existence of a reaction of the Brazilian stock market to unexpected changes in the SELIC rate. This is evidence that monetary policy in Brazil has real effects that can be quantitatively relevant.
Although we found a reasonably strong effect of monetary policy on the stock market, we should emphasize that the monetary policy surprises are responsible for only a small part of the overall variability of stock prices.
Our results are consistent with those of other studies that have analyzed the relationship between monetary policy and the stock market. In this respect, besides Bernanke & Kuttner (2004) , we can mention Thorbecke (1997) , who documented a response of stock prices to unanticipated monetary policy shocks using a vector autoregressive (VAR) model.
In the case of the Brazilian literature, our results can be compared to those of Gonçalves Junior (2007) . He observed a smaller impact of unexpected interest rate changes. He found that each unexpected increase of 1% in the overnight interest rate (one-day DI) caused the IBOVESPA to fall by 1.3%. This impact is similar to that measured by Bernanke & Kuttner (2004) . However, we believe his number could have underestimated the real impact, because the Brazilian stock market is an emerging one, with greater information asymmetry and with higher rates of return than those observed in industrialized countries. The smaller impact in that study can also be explained by the earlier time frame, from June 1996 to March 2006.
CONCLUSION
Based on the articles of Bernanke & Kuttner (2004) and Gonçalves Junior (2007) To check the robustness, we also analyzed the reaction of another, broader, stock market index, the IBRA, as well as of individual stocks to unexpected monetary policy shocks. In the case of the IBRA, we found a statistically significant decline of 1.20% for an unexpected increase of 1% in the SELIC rate. For the individual assets, the results were in line with the general model applied to the indexes. Furthermore, we did not find significant evidence of a greater response in a determined economic segment in comparison to others, although the subprime crisis did have a stronger impact on certain assets. 
